This literature review discusses the concepts and factors that influence industrial cheese yield and compiles the latest studies conducted in Brazil involving this theme. In seeking to support managerial decision-making, cheese yield can be measured at the end of processing or estimated prior to this. In research and industry, measuring and estimating yield can be evaluated under the effect of processing, from different proportions and characteristics of ingredients (mainly milk quality), to processing factors involving the steps of the actual production (handling of the raw material and the curd coagulation conditions, salting, maturation, etc.) and the equipment. The number of Brazilian studies that have sought to answer questions about this topic in recent years was reasonable. The vast majority of them considered yield in its most basic aspect, which is obtained by measuring what was produced. Few studies used the perspective of prediction, indicating that there is room for a more empirical approach that allows for obtaining other types of answers regarding efficiency in the production of cheese, and which is shown as an opportunity for Brazilian research to advance.
Introduction
In order to obtain adequate efficiency in production management, the industrial sector needs to collect information about the use of raw materials. The yield in the production of dairy products allows for measuring the efficiency of milk use in the production process and can be used in experimental and industrial areas. This is because yield can give evidence of the productive success in practical and objective terms, behaving as a valuable tool for process improvement (Furtado, 2005; Abd El-Gawad & Ahmed, 2011) .
As industrial yield is directly related to the use of solid components in manufacturing of milk-derived (dairy) products, and therefore a loss of a part of it is the whey, the increased interest in the topic is not only motivated by economics, but also by environmental reasons, since whey residue is rich in nutrients, and can be a potential contaminant of water sources (Monteiro et al., 2007) .
At the level of research and even in industries, the relations of kg of milk used ÷ kg mass produced or kg of cheese produced ÷ 100 kg milk used, are the most common and popularly remembered when aiming to know the numerical value of cheese manufacturing yield (Furtado, 2005) . However, studies in recent years have advanced so that calculation methods may be used, since there are many factors that have an effect on manufacturing yield (Cunningham, 2000; Furtado, 2005; Abd El-Gawad & Ahmed, 2011) .
Given the above, this study aimed to address conceptual aspects of industrial yield and factors that influence it, as well as analyzing study methodologies which have been developed in Brazil on this subject. For this, the present study addresses the conceptual and effectual aspects on industrial cheese yield (part I), taking into consideration the purpose of each research and their corresponding methods used for determining yield (part II).
Methodology
The research was developed through an integrative review, according to the method of Mendes et al. (2008) , linking the empirical approach to a synthesis of the available evidence in the literature on the investigated subject, allowing for expanding the analysis possibilities of the scientific publications.
To accomplish "part (I)", a survey of the theoretical literature was performed with one sole criterion for selecting the bibliographic material -to contain information that would allow the empirical construction of this part of the research. For "part (II)", the consulted scientific articles were regarding studies developed in Brazil and published between the years 2005-2015, in English and Portuguese, in scientific journals resulting from Scielo Brazil, Science Direct and Google Scholar electronic databases, which correspond to the leading publications in the national context on the thematic of milk and cheese. Therefore, 
Concept
During cheese manufacturing, the efficiency of capturing milk constituents in mass is expressed by the manufacturing yield -a numerical value that facilitates analysis. In reality, all production processes of each industry naturally have their yield value, which makes sense only when compared to others as a reference, therefore representing a useful tool to indicate the efficiency of the current production process, considering the productivity, losses and even the potential for improvement.
Cheese yield expression is important in two main applications: economic control of production and the expression of dairy industry experiment results (Furtado, 2005; Abd El-Gawad & Ahmed, 2011) . It can be inferred that industrial yield enables the comparison of milk use efficiency from different production processes, livestock and animal species.
There are several methods to find cheese production yield. The best known and most employed in industries is actual or economic yield (Furtado, 2005) , named so for indicating the cheese production cost through the actual value of a liter of the milk used. In this yield, only the ratio of the volume of cheese obtained from a given amount of milk is used.
However, this is not the single correct way to achieve the efficient use of raw materials (Cunningham, 2000; Abd El-Gawad & Ahmed, 2011) . Emmons et al. (1990) , and Abd El-Gawad & Ahmed (2011) have the understanding that the mathematical formulas used for studying cheese manufacturing efficiency should be divided into two areas: measurement and prediction.
Measurement formulas are based on the weight of the cheese that was produced or some of its components, such as non-fat dry extract, for example (Emmons et al., 1990) . These measurement formulas calculate what was actually achieved in cheese, and therefore it identifies the "actual or economic" yield. Other expressions are associated with a yield known as "technical", involving factors other than volume of milk used and cheese produced. For example, considering the physical-chemical composition of milk, whey and/or cheese (Furtado, 2005) .
Formulas for prediction are applied prior to the manufacturing process and are used to estimate the possible cheese yield based on the chemical characteristics of the milk and cheese whey or based on statistical formulas with coefficients calculated based on a large number of experiments already conducted (Emmons et al., 1990; Emmons & Modler, 2010; Abd El-Gawad & Ahmed, 2011) . Formulas that reveal a possible numerical value of yield without the cheese actually being produced are called "theoretical".
Abd El-Gawad & Ahmed (2011) divide prediction or "theoretical" formulas into: (1) Formulas based on theoretical considerations of solids distribution and moisture between the different phases of the components; (2) Multiple regression formulas based on fat and protein (casein); (3) Formulas that consider the levels of fat, casein and cheese moisture, a constant for salt effect and the presumed loss of casein; and (4) Formulas which focus on coagulation properties.
The prediction method contributes to studies in the industry with a view to standardize the qualitative characteristics of cheese, such as its composition and consequently its sensory characteristics (Emmons et al., 1990) . Emmons & Modler (2010) confirmed through a prediction formula that predicted yield was equal to the actual yield and, therefore, they argue that laboratory analysis of cheese protein and fat are not always necessary to discover yield, which is advantageous in carrying out research as it allows for saving time and financial resources.
Factors influencing cheese yield
As discussed by Cunningham (2000) , Furtado (2005) and Abd El-Gawad & Ahmed (2011), it is proven that several factors have an effect on cheese yield and the yields of other dairy products.
The proportion of milk components along with the type and composition of cheese made are the primary factors directly linked to industrial yield (Furtado & Pombo, 1979; Abd El-Gawad & Ahmed, 2011) . This is because the maximum possible quantity of milk solids is expected to be retained in the cheese, allowing for a smaller ratio of milk volume used in manufacturing one kilogram of the derivative (dairy product). Thus, it is clear that both the inherent processing factors such as the factors related to the animal itself (production and quality of milk) may incur losses in the use of solids, and consequently in cheese yield.
Intrinsic factors to the animal that are relevant to the issue at hand are those directly associated to the quality of the milk produced. In short, basically genetic, physiological and nutritional factors such as species, breed, chemical composition of the offered diet, lactation stage, female age, birth order and variability between individuals (Tripaldi et al., 2003) . Hühn et al. (1986) , for example, came to the conclusion that it is economically feasible to produce products from buffalo milk instead of cow's milk, only by calculating the economic yield using the ratio of the amount of product obtained and the amount of raw material used (Table 1 ). This advantage in the production of products is mainly due to higher proportion of solids from buffalo milk compared to cow's milk. It is worth noting that the health of the mammary gland is very important when it comes to the quality of milk, since the microbiological and immune aspects invariably expressed by the total bacterial count and somatic cells have high ability to change milk constituents and cheese yield (Oliveira et al., 2006; Andreatta et al., 2009; Mikulec et al., 2012; Montanhini et al., 2013; Coelho et al., 2014) .
Regarding factors resulting from processing, the following can be emphasized: homogenization and heat treatment of milk; temperature and pH of the milk throughout the processing; type of coagulant used; clotting time; cutting form; curd firmness to cut; handling and cleaning (dilution) of the curd systems; salting and loss of moisture during maturation; method employed for incorporating proteins in cheese (use of cryoprecipitate technology, use of ultra-filtered milk or addition of denatured milk whey protein) (Cunningham, 2000; Abd El-Gawad & Ahmed, 2011; Santos et al., 2013) .
As success in the final production of cheese depends on smooth running of the industry process, milk coagulation properties and also firmness of the curds obtained are closely related factors to the industrial yield. Stocco et al. (2015) confirmed these properties suffer significant effects of temperature and acidification in the process, as well as the amount and type of curd and standardization of fat during manufacturing.
Other factors that when viewed in isolation are not considered critical, but when occurring together can also compromise production efficiency, being: milk storage conditions (prolonged time at room temperature and/or cooling); excess agitation and pumping of milk; lack of added calcium chloride to milk intended for cheese production; premature cutting of the curd; defects in the cut caused by using inadequate equipment; lack of control of the cheese moisture content; and inadequate measurement systems and equipment calibration (Cunningham, 2000) .
The latter author also points out that, although often neglected by cheese industries, the eight factors mentioned above can together cause negative and significant global impact, reaching losses of 20% or more in the final production volume.
Although many factors are involved in the manufacture of cheese and its efficiency, as the process occurs through the recovery of milk solids in mass (curd), the yield primarily depends on the chemical composition of milk. When the milk has high content of total solids, an increased manufacturing yield is favored (Garcia et al., 2008) , since there is a chance these solids are retained in the cheese mass.
In the field of the dairy production industry, the adverse effects of mammary gland infection is explained by the fact that the rise in SCC is directly related to the decrease in productivity, changes in chemical composition of milk (fat, lactose and casein), in the activity of enzymes in the clotting time, and the yield and quality of milk products (Andreatta et al., 2009; Mikulec et al., 2012; Montanhini et al., 2013; Coelho et al., 2014; Ribas et al., 2014) . Sollecito et al. (2011) see changes in milk composition as a problem for the industry, since they hinder yield, quality and stability (shelf life) of the derivatives. Thus, the quality of milk has been quite a profound topic in recent years, both in order to monitor the updates/progress of the laws and requirements for food safety, as well as to seek greater industrial efficiency.
Because the measurement of industrial yield considers the cheese weight produced from a certain amount of milk, the water content (moisture) of cheese can mask reading in terms of total solids of cheese yield. A cheese with above optimum moisture values has high water activity (Furtado, 2005) , increasing the chance of changes in visual appearance and an undesired proliferation of spoilage microorganisms in the product. That is to say, in addition to masking the use of milk solids in the process, high humidity can bring lower quality and shelf life of dairy products and harm the industry's image to the consumer. Therefore, it is important to consider the humidity of the product in the calculation of cheese yield.
Part II -Brazilian studies
A total of 13 scientific articles that met the criteria used in this review were accounted for, being contrary to what one might expect, since the considered databases often contribute studies that broadly deal with the thematic of milk and its derivatives.
Research objectives
Articles included in this study were aimed at several objectives; however, the manufacturing yield was the overall goal of half of the articles found. The type of cheese and the animal species also varied among the studies (Table 2) , where the majority involved Minas cheese made from cow's milk.
Compilation of methods used to calculate the industrial cheese yield
In all studies reviewed, the formulas used had already been developed by other authors (Table 3 ).
In general, methods for calculating both economic and technical real yield were employed. Only one study used the prediction method, showing that most of the research sought to directly answer questions by measuring and calculating the actual industrial yield, without resorting to prediction.
Actual yield

Economic yield
It is the most practical method of calculation because it is based on the amount of milk used in processing and the amount of cheese/mass obtained after manufacturing.
The most usual equation for economic yield is that which can be used for any type of cheese which is produced from the curd, and it considers the amount of cheese or curd made from a certain quantity of milk. The formulas involving this reasoning are those used by Katili et al. (2006) , Damián et al. (2008) , Oliveira et al. (2008) , Silva et al. (2012) , and Santos et al. (2013) (Equation 1 ), Andreatta et al. (2009) (Equation 1.1) and Martins et al. (2012) (Equation 1.2) . Silva (2005) Evaluate the effect of different anticoagulants on minas fresh cheese yield.
Katili et al. (2006)
Evaluate a cheese obtained from soft mass of mixed coagulation, matured by Penicillium candidum fungus using milk frozen by slow or fast processes and the manufacture of the same cheese using curd frozen by the same processes. Ribeiro et al. (2007) Evaluate production, composition and yield (of cheese manufacturing) of Santa Inês sheep milk treated or untreated with oxytocin. Damián et al. (2008) Evaluate components, casein fractions and yield in production of goat cheese milk from Saanen and AngloNubiana breeds. Oliveira et al. (2008) Evaluate the yield of lactating buffaloes fed different sources of fat. Andreatta et al. (2009) Evaluate the effect of using milk with different somatic cell counts (SCC) on the quality of minas fresh cheese.
Conceição et al. (2009)
Evaluate the feasibility of ricotta production using calcium chloride replacing lactic acid, as well as determining the production yield, physico-chemical, microbiological and sensory characteristics of the obtained cheese. Perrone et al. (2010) Determine the composition and cheese yield of prato cheese made from concentrated milk by vacuum evaporation.
Marques et al. (2011)
Evaluate physicochemical and sensory characteristics of standard Minas cheese produced with probiotic cultures.
Martins et al. (2012)
Evaluate physico-chemical and sensory quality and fatty acid profile of minas fresh cheese produced with milk from crossbred cows fed different forage. Silva et al. (2012) Verify the influence of raw milk SCC and TBC in cheese yield, using scaled-down method, and evaluate the theoretical prediction of cheese yield. Santos et al. (2013) Evaluate the effect of different pH conditions and the addition of calcium (CaCl 2 ) on yield, nutrient retention in produced clots and the texture of cured Minas cheese. Fava et al. (2014) Evaluate the effect of milk cooling and freezing for seven days, on the yield of the curd produced from sheep milk and on the physical characteristics of the obtained whey.
where: P = cheese production (kg); L = volume of milk used (liters).
Neves-Souza & Silva (2005), Ribeiro et al. (2007) , Conceição et al. (2009 ), Marques et al. (2011 ) and Fava et al. (2014 relate the volume of milk used to make one kilogram of cheese or curd, in order to measure industrial yield, according to Equation
Technical yield
The calculation of technical yield can be obtained by considering the content of constituents (particularly the total solids, fat and/or protein) and humidity retained in the cheese. This method allows for comparing different yields of the same type of cheese, even if they have different physical and chemical compositions (Furtado, 2005) . , which is applied to batches of cheese with different moisture (Oliveira, 1986) .
where: Y'= actual yield; %M = moisture content; %Ms = supposed common moisture content between cheeses. 
where: TS = total solids of cheese (100 -% moisture); P = Cheese production (kg); L = milk volume (L).
The above formula can consider adjusting the desired moisture content, when you want to compare cheese, assuming they have the same moisture. For this, Perrone et al. (2010) used the following expression (Equation 4):
where: Yc = adjusted yield; Ms = % supposed common humidity between cheeses.
Predicted yield
The equation used by Silva et al. (2012) considers the calculation of yield based on milk components and moisture (Equation 5):
where: %G = fat content of milk; %C = Casein content of milk; M% = moisture content of milk.
It is observed that researchers who seek to evaluate the influence of factors on yield are more likely to employ measurement formulas. This result may be linked to the fact that Brazilian research on yield is having more frequent accomplishment recently. This habit has grown with the need for compliance with the laws in force in the case of using different types of coagulants, for example; and mainly due to the progressive search for increased productivity and efficiency, reducing losses and achieving more profitability. The major focus of researchers in applying the yield from the economic point of view reinforces this assumption.
Several authors have taken advantage of more than one method to achieve the production yield of cheese. Perhaps in forthcoming work there may be more technical and more in-depth concerns regarding cheese-making yield, a path being traveled by more researchers from the center-south of the country, mainly aimed at Minas cheese manufacturing from bovine milk.
Conclusions
Studying milk yield allows for efficiency in cheese production and is identified in an industrial or scientific context when there is concern in measuring the effect of different methods, ingredients or types of raw material (milk) used in the process; or even to support decision-making aimed at management improvements. The causes of variation in industrial cheese yield are related to the quality of milk; as well as the processing itself, with factors involving the characteristics of the used ingredients, the actual production steps (raw material handling and curd coagulation conditions, salting, maturation, etc.) and equipment.
The included studies mostly used the actual economic yield calculation method, indicating that there are few studies that envision the prediction of industrial cheese yield, which is an opportunity for future Brazilian research.
The fact that some of the equations used by national studies originate from international publications indicates that the subject in question has already been approached in greater depth outside Brazil, including the use of other methods for measuring and predicting the cheese manufacturing yield. Therefore, it is suggested that this issue be reviewed in an international context.
